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This grant supported data analysis of the Pioneer Venus Orbiter Electric Field Detector
(OEFD) from 10/1/87 to 9/30/95. The late Frederick L. Scarf was the original Principal
Investigator on this grant. Unfortunately, he passed away in July 1988. After this Robert J.
Strangeway was named as PI on the grant. In this final report we will briefly describe some of the
research highlights. Much of the report will concentrate on the later results.

In terms of scientific output, the appendix shows that over 44 papers have been published
with the support of this grant. There have been 9 invited papers and 58 contributed papers
presented at scientific meetings. In addition two graduate students, Chang-Ming Ho, and Gregory
K. Crawford carried out their thesis work with the support of this grant.

The Pioneer Venus OEFD measures plasma wave electric fields at four frequencies 100 Hz,
730 Hz, 5.4 kHz, and 30 kHz [Scarf et al., 1980]*. Although limited in frequency resolution, this
allows us to study various plasma wave phenomena, including whistler-mode waves (= 100 Hz),
ion acoustic waves (= 730 Hz and 5.4 kHz), and electron plasma oscillations (= 30 kHz).

Of the many topics investigated with the OEFD, the following stand out: 1) The plasma

wave evidence for lightning on Venus; 2) Plasma waves observed upstream of the Venus bow
shock: and 3) Plasma waves near the dayside ionopause of Venus.

1) The plasma wave evidence for lightning on Venus

The Pioneer Venus OEFD data are often cited as evidence for lightning on Venus. This
topic has been a fruitful research topic throughout the lifetime of the grant. The evidence for
lightning is now very strong. Much of this evidence is presented in the papers given below [papers
1,2.5, 11, 12, 14, 15, 16, 17, 22, 23, 29, 33, 34, 35, 40, 41]. It is now clear that many of the
electric tield bursts detected by the Pioneer Venus Orbiter are consistent with radiation propagating
through the ionosphere from below. The only likely atmospheric source is planetary lightning.
However, any electromagnetic waves generated by lightning will tend to be absorbed by the
ionosphere. Only a small fraction of the wave energy could escape to be detected by a spacecraft
such as Pioneer Venus. In terms of ionospheric and plasma wave phenomena, a clear
demonstration that the waves can escape will probably clinch the debate. We have begun an
analysis of the transmission characteristics of the ionosphere [paper 44], but a more thorough
understanding requires turther support. Having demonstrated that the plasma waves appear to be
due to lightning, we are then left with the unresolved question, which is beyond the scope of the
present grant. How does a planet like Venus generate lightning?

* Scarf, F. L., W. W. L. Taylor, and P. F. Virobik, The Pioneer Venus Orbiter plasma wave investigation, /[EEE
Trans. Geosci. Remote Sens., GE-18, 36-38, 1980.



Chang-Ming Ho’s Ph. D. Thesis was concerned with the plasma wave evidence for
lightning on Venus.

2) Plasma waves observed upstream of the Venus bow shock

One of the major successes of the Pioneer Venus OEFD was the generation of plasma wave
maps of the region upstream of the Venus bow shock, known as the foreshock. The Pioneer
Venus OEFD data provided an extensive set of data, not available at any other planet. For example,
we found that waves generated by electrons streaming away form the shock only extend a finite
distance upstream. Presumably the free energy supplied by the back-streaming electrons is
removed by the waves. However, comparison wth terrestrial observations show that the waves at
the earth extend much further (in absolute scale), and it appears the amount of free energy available
is closely related to the shock size. Results of these studies were presented in papers [3, 5, 9, 20,
28, 37, 39].

Much of Gregory K. Crawford’s Ph. D. Thesis was devoted to mapping the plasma waves
within the Venus foreshock.

3) Plasma waves near the dayside ionopause of Venus

The last topic we shall describe here concerns the plasma waves observed above the
dayside ionopause of Venus. Although originally cited as a source of energy for the topside
ionosphere, much of our more recent work shows that the waves are probably more involved in
the coupling of planetary ions to the solar wind [see papers 5, 19, 21]. As such, the waves may be
part of the process whereby planetary ions are “picked-up” by the solar wind, and hence lost from
the near-Venus environment. This is one mechanism for scavenging the atmosphere, since the
planetary ions ultimately come from ionized planetary neutrals within the atmosphere. In addition,
similar wave modes appear to occur above the ionopause of Mars. Thus the Pioneer Venus OEFD
data provide an important clue for understanding solar-wind ionosphere coupling at the
unmagnetized planets.

Concluding Remarks

The Pioneer Venus OEFD data have been submitted to the Planetary Data System (PDS),
and the National Space Science Data Center (NSSDC). The former provides a means for continued
distribution of the data, a full set of the OEFD data from all 5055 orbits of PVO are available from
the PDS. The NSSDC submission provides the “deep archive”, ensuring that the data are not lost.

Many of the results presented here are accessible via the internet. Principal Investigator
Robert J. Strangeway maintains a set of world-wide-web documents that give examples of some of
the research carried out with this grant, as well as poster papers, and preprints of papers. The URL
for his page is “http://www-ssc.igpp.ucla.eduw/~strange”. We intend to maintain these pages into
the indefinite future.
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This section gives a partial list of the papers and presentations supported by NASA Grant
NAG 2-485. The list does not include papers which used Pioneer Venus OEFD data, but did not
have Principal Investigator Strangeway as a co-author. Nor does it include papers written by the
original Principal Investigator (Frederick L. Scarf), who passed away in 1988.
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1. Ho, C.-M., “Plasma Waves in the Nightside Ionosphere of Venus”, 1993.

2. Crawford, G. K., “A Study of Plasma Waves Arising from the Solar Wind Interaction
with Venus”, 1993.
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